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Neurocysticercosis is a leading cause of seizures and epilepsy in the
developing world and is an increasingly important health issue in
the United States. Recent results from the Cysticercosis Working
Group in Peru provide new evidence supporting the use of an-
tiparasitic agents in highly selected patients with active cysts and
seizures.

Introduction

Cysticercosis is a parasitic infection that results from ingestion
of eggs from the adult tapeworm, Taenia solium (T. solium)
(1,2). When cysticercosis involves the central nervous system,
it is called neurocysticercosis. Neurocysticercosis is the most
common parasitic infection of the brain and a leading cause
of epilepsy in the developing world, especially Latin America,
India, Africa, and China (1–12).

Once largely the domain of the developing countries, neu-
rocysticercosis is currently a growing public health problem in
the United States (13,14). Because millions of people have im-
migrated to the United States from Latin America in recent
years, neurocysticercosis has become an increasingly important
cause of seizures in the United States (14). For example, between
1994 and 1998, an average of 120 patients with cysticercosis
were admitted to Los Angeles County/USC Medical Center per
year (15,16), which was a substantial increase from 1983, when
80 cases were identified in all four Los Angeles County hospi-
tals together (13). Cysticercosis now accounts for up to 10% of
emergency room visits for seizures in the southwestern United
States (14).

Natural History

Neurocysticercosis is acquired through consumption of food
contaminated with feces of a T. solium tapeworm carrier (i.e.,
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through fecal–oral contract) (4,5,12). The life cycle of T. solium
is shown in Fig. 1. Eggs of the tapeworm are shed in stool and
contaminate food through poor hygiene. When these eggs are
ingested and exposed to gastric acid in the human stomach, they
lose their protective capsule and turn into larval cysts, called
oncospheres. Oncospheres cross the gastrointestinal tract and
migrate via the vascular system to the brain, muscle, eyes, and
other structures. Once in the brain, the larval cysts (cysticerci)
initially generate a minimal immune response and may remain
in the brain as viable cysts for years.

Figure 2 shows the four stages of cysts within the
parenchyma of the brain: vesicular, colloidal, nodular/granular,
and calcified granulomas. The viable larval cyst is known
as a vesicular cyst (Fig. 2A) and has minimal enhancement,
which is due to little or no host immune response. At this
stage, the scolex usually is identified as an eccentric nodule
within the cyst. As the cyst degenerates, fluid from the lar-
val cyst leaks into the parenchyma, generating a strong im-
mune response, characterized by enhancement on contrast
computed tomography (CT) and magnetic resonance imag-
ing (MRI). An enhancing cyst, without a well-defined scolex,
is termed a colloidal cyst (Fig. 2B). As the cyst further de-
teriorates, it forms a nodule, which continues to demon-
strate contrast enhancement (Fig. 2C). Finally the degener-
ating cyst forms a calcified granuloma, which is recognized
as nonenhancing punctuate calcifications on CT (Fig. 2D).
Cysts that lodge in the cisterns or ventricles of the brain may
cause hydrocephalus and frequently do not have a scolex (e.g.,
racemic cysts).

Presentation

Neurocysticercosis typically is first seen either with seizures
(70% to 90% of acutely symptomatic patients) or headache
(4,5,7,11,12). Headache usually indicates the presence of hy-
drocephalus, meningitis, or increased intracranial pressure.
When hydrocephalus is present, the use of antiparasitic drugs
is relatively contraindicated, unless a shunt is placed before ad-
ministration. The mortality rate of patients with hydrocephalus
or increased intracranial pressure is higher than the mortality
rate of patients with seizures (16).

Epileptogenesis in Neurocysticercosis

Generally, patients with neurocysticercosis have partial-onset
seizures with or without secondary generalization (6). At the
time of a first seizure, most patients have an active cyst—either
a vesicular cyst (Fig. 2A) or a colloidal cyst (Fig. 2B) (11).
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FIGURE 1 Life cycle of Taenia solium.

New-onset seizures are commonly associated with active cysts
rather than calcified granulomas (11,19). Chronic epilepsy
is usually associated with calcified granulomas (6,11,17–19).
Cysts that are active and undergoing degeneration (colloidal
cysts) are the most epileptogenic. Cysts degenerate fastest
within 6 to 12 months after initial presentation (19). Seizure-
recurrence rates also increase during the same period, because
of the conversion from vesicular cysts to colloidal cysts (19).
Animal data support the concept that active or degenerating
cysts (vesicular or colloidal) are the most epileptogenic (20).
Products from acute cysts injected into animal brains are sig-
nificantly more epileptogenic than are products from chronic
granulomas (20).

Epileptogenesis in patients with neurocysticercosis can be
attributed to several factors: inflammation, gliosis, genetics, and
predilection for the cysts to travel to the frontal and temporal
lobes (17,18,20–23). The host response to degenerating cysts
plays an important role in the associated epileptogenesis (22). In
children and young women, a profound host reaction develops
to parasitic infection of the brain, whereas adults have a more
variable response. Within-subject responses also vary. For exam-
ple, in the same patient, intense inflammation may surround

one cyst, whereas an adjacent cyst may show no inflammation
(17,19).

Treatment

Albendazole and praziquantel are the principal antipara-
sitic drugs used to treat neurocysticercosis (1,2,12,19,22–27).
Whether and when antiparasitic drugs should be administered
is controversial. Data from open-label trials suggest that prazi-
quantel and albendazole reduce the number of cysts and fre-
quency of seizures (23–25,30). In a seminal study, Vasquez
and Sotelo (30) found that seizure-free rates at 3 years, for
those offered antiparasitic therapy, were significantly higher
than those of a nonrandomized control group (94% seizure
free). This finding is supported by data from Del Brutto
et al. (11), who found that 83% of those individuals who
received antiparasitic treatment became seizure free, com-
pared with only 26% of those patients who did not receive
treatment.

Some authors suggest that antiparasitic treatment might be
counterproductive and expose patients to increased risk (12,27).
The risks of antiparasitic therapy include gastrointestinal side
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FIGURE 2 Brain imaging demonstrating the four stages of parenchymal neurocysticercosis. A: Magnetic resonance imaging (MRI) of
a vesicular cyst. Note the well-defined scolex, minimal contrast enhancement, and mass effect. B: MRI of a colloidal cyst. Note ring
enhancement, loss of the scolex, and perilesional edema. C: MRI of the nodular/granular stage. Note nodule with diffuse enhancement
and no cystic component. D: Noncontrast computed tomography showing multiple punctuate calcifications.

effects, acute seizures, increased intracranial pressure, and rarely,
death (1,12,16,26). Side effects, although usually mild, include
nausea, headache, seizures, and occasionally, cerebral edema
(26,27). Deaths associated with antiparasitic treatment are rare
(1% to 4%) and occur primarily in patients with hydrocephalus,
increased intracranial pressure, and heavy cyst burden (i.e., more
than 20 cysts) (16). In the first randomized comparison of al-
bendazole, praziquantel, and steroids for the treatment of active
cysts, Carpio (27) found no significant difference in seizure-free
rates among the three treatment groups.

Recently, however, the Cysticercosis Working Group in
Peru compared the efficacy and safety of albendazole (400 mg
twice a day) with placebo for the treatment of active cysts as-
sociated with seizures (31). As in the study of Carpio et al.,
total seizure-recurrence rates at long-term follow-up were no
different for the active and control groups (27,31). However,
patients randomized to albendazole experienced a significant

(67%) reduction in generalized tonic–clonic seizures compared
with the control group (31). Safety was excellent, and no deaths
were reported. The low death rate may have been due to the
relatively small size of the study (n = 120; 60 in each treatment
group) and the exclusion of patients with increased intracranial
pressure. This study is a major advance, for it is the first random-
ized, placebo-controlled clinical trial to demonstrate that al-
bendazole substantially reduces generalized tonic–clonic seizure
recurrence (31).

Prognosis

In adults and children first seen with new-onset seizures and
active cysts, seizure recurrence rates at 4 years are as high as
49% (19). After a second seizure, the estimated risk of recur-
rence is 68% at 6 years (19). Prognosis is best for those patients
in whom imaging studies normalize. The recurrence rate for
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those patients with persisting, active cysts (61%) is more than
double the rate of patients with normal imaging (22%) (19).
Seizure recurrence is reduced in patients who initially have
calcifications rather than active cysts (11,17,18). Del Brutto
et al. (11) found that patients first seen with new-onset seizures
and calcifications fared better than those with active cysts: 100%
with calcifications were seizure free at 2 years, compared with
83% with active cysts. Durón et al. similarly found that among
25 patients initially seen with calcifications, seizures remitted
in 62.8% (17).

Conclusion

Neurocysticercosis is a leading cause of epilepsy in the devel-
oping world and is increasingly prevalent in the United States.
New data from the Cysticercosis Working Group indicate that
treatment with albendazole significantly improves the progno-
sis for the recurrence of generalized tonic–clonic seizures in
highly selected patients. Results of this trial should not be
applied to high-risk patients, such as those with heavy cyst
burden or increased intracranial pressure. Better understand-
ing of the mechanisms of neurocysticercosis and the life cy-
cle of T. solium is needed to develop appropriate intervention
and prevention programs. Global strategies for prevention and
control should be developed and enforced with the aid of in-
ternational health organizations, including the World Health
Organization.
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